Introduction {#Sec1}
============

Many rock-forming minerals are ionic crystals, and understanding intracrystalline diffusion in ionic crystals is of pivotal importance for interpreting composition patterns in minerals. If the initial- and boundary conditions for diffusion in a mineral are known, the duration of a geochemical perturbation or the thermal history of a rock can be inferred from the secondary compositional zoning attained during diffusion-mediated re-equilibration. Inverse diffusion modelling is at the core of *geo-speedometry* or *diffusion chronometry* (Chakraborty [@CR9]) with numerous applications in magmatic (Costa et al. [@CR13], [@CR14]; Dohmen et al. [@CR16]) and metamorphic (Spear and Parrish [@CR34]) systems as well as in meteorites (Pogge von Strandmann et al. [@CR31]). Moreover, diffusion-mediated re-equilibration may lead to the resetting of geo thermo-barometers (Carlson [@CR8]; Kohn et al. [@CR21]; Bussolesi et al. [@CR7]) and of isotope chronometers (Bogard [@CR5]; Cherniak and Watson [@CR11]; Ito and Ganguly [@CR20]).

For a quantitative assessment of diffusion-mediated re-equilibration in minerals, it is mandatory that the underlying diffusion process is calibrated. One approach is to employ stable- or radioactive isotope tracers for determining tracer diffusion coefficients, which can then be inserted into appropriate interdiffusion models (Manning [@CR24]). Alternatively, interdiffusion can be quantified directly from dedicated interdiffusion experiments, where two phases with different chemical compositions are used as diffusion couples (Christoffersen et al. [@CR12]; Chakraborty and Ganguly [@CR10]). The tracer diffusion coefficients obtained from dedicated tracer diffusion experiments are regarded to closely reflect the intrinsic mobility of the diffusing species. In contrast, in interdiffusion experiments, the diffusive fluxes of the major components are necessarily coupled (Onsager [@CR28]), and the analysis of interdiffusion experiments may be complicated by associated thermodynamic (Lasaga [@CR23]) and mechanical (Larche and Cahn [@CR22]) effects. Moreover, if the self-diffusion coefficients of the diffusing species are different, the interdiffusion coefficients are predicted to be compositionally dependent (Manning [@CR24]). Accordingly, semi-scale solutions such as the Boltzmann--Matano method (Boltzmann [@CR6]; Matano [@CR25]) or the Sauer--Freise method (Sauer and Freise [@CR32]) need to be employed for the analysis of concentration-distance data from binary interdiffusion experiments (Petrishcheva and Abart [@CR29]). Only in special situations, *effective binary diffusion coefficients* were employed for a simplified treatment of interdiffusion (Chakraborty and Ganguly [@CR10]). In the light of these complications, linking tracer- and interdiffusion coefficients determined in different experiments is generally difficult.

Recently, Belova et al. ([@CR2], [@CR3], [@CR4]) combined tracer- and interdiffusion experiments and presented an extended Boltzmann--Matano analysis by which the tracer diffusion coefficients of the different species, including their compositional dependence, can be determined. In this communication, we present an alternative approach, which is also based on the analysis of combined interdiffusion and tracer diffusion experiments. To this end, we derive a model for multicomponent diffusion in ionic crystals, which accounts for vacancy-mediated self-diffusion on a sub-lattice and for diffusion due to binary exchange of different ionic species on the same sub-lattice without the involvement of vacancies. We apply the model to the diffusion of $\documentclass[12pt]{minimal}
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                \begin{document}$$^{41}$$\end{document}$K in potassium-rich alkali feldspar. The model is generally applicable to diffusion in ionic crystals that occurs by a combination of vacancy mediated diffusion and diffusion due to binary exchange. In the following, we first derive the multicomponent diffusion model and then present the results from the analysis of combined inter- and tracer diffusion experiments on alkali feldspar.

Multicomponent diffusion in ionic crystals {#Sec2}
==========================================

Problem posing {#Sec3}
--------------

We consider multicomponent diffusion via ion migration in ionic solids. The diffusing ionic species are labeled $\documentclass[12pt]{minimal}
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                \begin{document}$$q_\alpha \phi$$\end{document}$ is the electrostatic energy per ion. For simplicity we assume that the activity coefficient $\documentclass[12pt]{minimal}
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### Derivation of the diffusion model {#Sec4}

According to the previous section, the ion fluxes are given by$$\documentclass[12pt]{minimal}
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### Summary of the diffusion model {#Sec5}

For the assumptions made, the effect of vacancy-mediated self-diffusion on diffusion due to binary exchanges without the involvement of vacancies is described by the rule$$\documentclass[12pt]{minimal}
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### Applications of the diffusion model {#Sec6}
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==========================================================================================

Experiment {#Sec8}
----------

Single crystals of gem-quality sanidine from Volkesfeld (Eifel, Germany) with the sum formula ($\documentclass[12pt]{minimal}
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Summary and conclusions {#Sec11}
=======================

We derived a theoretical model for describing multicomponent diffusion in an ionic crystal. Our considerations are restricted to the case of thermodynamically ideal mixing behavior and to the migration of only homo-valent ions, and we have excluded potential mechanical effects of composition change. Within this frame, the model accounts for vacancy-mediated diffusion of ionic species and for the diffusion resulting from binary exchange of the different ionic species on the same sub-lattice without the involvement of vacancies. It is shown that the diffusive flux of an ionic species depends on its self-diffusion coefficient as well as on the self-diffusion coefficients of all other diffusing species, on the binary diffusion coefficients related to binary exchanges of ionic species without the involvement of vacancies and on all species concentrations. The model delivers an explicit expression for these dependencies and yields a set of non-linear diffusion equations. If, in a binary case, the binary diffusion coefficients related to binary exchanges vanish, the expression reduces to Manning's expression and in the multicomponent case it reduces to Lasager's equations. The model was applied to the diffusion of $\documentclass[12pt]{minimal}
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                \begin{document}$$^{23}$$\end{document}$Na profiles we infer that apart from vacancy-mediated diffusion of Na and K, diffusion by binary exchanges without the involvement of vacancies contributed substantially to alkali diffusion in alkali feldspar.
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